Low extracellular Ca2+ conditions induce an increase in brain endothelial permeability that involves intercellular Ca2+ waves.
The intracellular calcium concentration ([Ca(2+)](i)) is an important factor determining the permeability of endothelial barriers including the blood-brain barrier (BBB). However, nothing is known concerning the effect of spatially propagated intercellular Ca(2+) waves (ICWs). The propagation of ICWs relies in large part on channels formed by connexins that are present in endothelia. We hypothesized that ICWs may result in a strong disturbance of endothelial function, because the [Ca(2+)](i) changes are coordinated and involve multiple cells. Thus, we aimed to investigate the effect of ICWs on endothelial permeability. ICW activity was triggered in immortalized and primary brain endothelial cells by lowering the extracellular Ca(2+) concentration. Low extracellular Ca(2+) increased the endothelial permeability and this was significantly suppressed by buffering [Ca(2+)](i) with BAPTA-AM, indicating a central role of [Ca(2+)](i) changes. The endothelial permeability increase was furthermore inhibited by the connexin channel blocking peptide Gap27, which also blocked the ICWs, and by inhibiting protein kinase C (PKC), Ca(2+)/calmodulin-dependent kinase II (CaMKII) and actomyosin contraction. We compared these observations with the [Ca(2+)](i) changes and permeability alterations provoked by the inflammatory agent bradykinin (BK), which triggers oscillatory [Ca(2+)](i) changes without wave activity. BK-associated [Ca(2+)](i) changes and the endothelial permeability increase were significantly smaller than those associated with ICWs, and the permeability increase was not influenced by inhibition of PKC, CaMKII or actomyosin contraction. We conclude that ICWs significantly increase endothelial permeability and therefore, the connexins that underlie wave propagation form an interesting target to limit BBB alterations. This article is part of a Special Issue entitled Electrical Synapses.